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The present invention relates generally to
leavening agents and to the method of using
them, such for example, as maybe employed in
the composition of baking powders. The in-
vention has particular reference to the decom-
position of certain types of organic cori-
pounds under conditions making them suit-
able for leavening purposes, such as baking.
The object of the invention therefore, is to
provide a leavening agent essentially organic
in nature which is subject to decomposition to
form a leavening gas. o

Another object of the invention is to pro-

vide a harmless substance having harmless
15 effects when edible products are leavened
therewith.

A particular object of the invention is the
use of a ketonic earboxylic acid, such for ex-
ample, as acetone dicarboxylic acid, as a leav-

o0 €ning agent.

A further object of the invention is the pro-
vision of a leavening agent having the prop-
erty of decomposition into a material which
has a boiling point within the range of the

o3 leavening process. , :

Acetone dicarboxylic acid, a water soluble
compound, is taken as an example of the sub-
stance herein contemplated in order to ex-
plain the nature and character and the vari-

30 ous advantages of the invention.

In the first instance this material has been
found-to be very successful in leavening pas-
try, such as cakes, ete., and to be without dele-
terious effects. -

35 _ Secondly, it can be readily prepared by

" known processes from citric acid as a base,
and citric acid is at present available in large
quantities at a reasonable price.

Thirdly, it is an advantageous substance be-

40 cause it yields no mineral products when used
as a free acid, and it therefore has a higher
efficiency, weight for weight, when compared
with mineral powders. '

Fourthly, it is the simplest member of the

45 symmetrical ketone dicarboxylic acid series,

1928. Serial No. 276,809,

and is sufficiently unstable to suit ordinary

baking conditions in a manner comparable to

other baking powders. '
Fifthly, it 1s sufficiently stable so that its

deterioration is negligible and substantially |

not different from other baking powders.
Various other objects and advantages of

the invention will be apparent from the fol-

lowing description and discussion of the ex-

emplary compound as used in baking, and of 5

the general properties of the class of sub-
stances‘which is thus exemplified as a leaven-
Ing agent,

In using the term “leavening” I do not con-
fine myself to action on foodstufts, but wish to
be considered as referring to other similar op-
erations where gas evolution in a mass pro-
duces a cellular structure, such for example,
as might be produced during the heating and
vuleanizing of rubber to produce porous or
sponge rubber. The leavening of edibles such
as cakes, has, however, particular require-
ments and limitations which make this art
particularly diflicult to satisfy.

For various reasons, some of which have
been above stated, I find that acetone di-
carboxylic acid may be satisfactorily em-
ployed as a leavening agent for pastry, ete.
The literature states that this acid, as such,
is very unstable decomposing in a few hours
at room temperature, but I have found that
this acid when properly prepared and puri-
fied is very stable, and can be kept for many
months with little decomposition. Ihave also
found that its decomposition is brought about
Ly the action of heat and that within the or-
dinary range of baking temperatures its de-
composition can be effected in such a manner
that -it forms an excellent baking powder
base. I have also found that the presence
of some alkali acts as a catalyst for the de-
composition, and I aim to employ this prin-
ciple in varying the particular properties of
the baking powder at will. :

When used in foodstuffs this acid breaks
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. down under the cooking heat into carbon di-
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- about 10% acetone.
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oxide and acetone, both of which products
are gaseous at baking temperatures. The
gaseous volume is 24 carbon dioxide and 145
acetone vapor, and there is no residue or
mineral matter left behind. I have tested the
baked products and found only the slight-
est trace of acetone therein, a quantity far
less than what has been considered non-
injurious to the human system.

Because of the high gassing efficiency of
this material I find it desirable to employ it
with a diluent in order that the resulting
mixture will approximate the standard bak-
ing powders, and I use sufficient diluent so
that ordinary baking receipts specifying
“haking powder” by volumes may be em-
ployed without regard to the greater efficiency
of baking powder base. : :

As a diluent I use preferably a starch prod-
uct, such as flour, corn starch, rice starch,
etc., in the proportion of one part of acid to
three parts of starch. Such a composition is
light and fluffy compared to the mineral

5 baking’ powders, and a given weight of the

mixture, such as a one pound can, contains
many more spoonfuls than the numerous well
known baking powders. ' :

The composition in the proportions above
stated gives about 15% carbon dioxide, and
Certain legal require-
ments for baking powders specify not under
129 available carbon dioxide. Accordingly,
T use 2 15% carbon dioxide mixture to allow
for a certain degree of deterioration on the
shelf. . Nevertheless, since the acetone vapor
performs the same leavening function as the
carbon dioxide, the composition could read-
ily be changed to provide only an 8% carbon
dioxide content without falling below the
prescribed efficiency limit for standard pow-
ders. This will readily be appreciated upon
considering that the acetone vapor is present
in volume equal to 50% of the volume of car-
bon dioxide. Accordingly, an 8% carbon di-
oxide-producing mixture of the present in-
vention would act in all respects like a 12%
carbon dioxide baking powder.:

The stability of the product is dependent

upon several factors, such as heat, moisture,
and the presence of alkali, and particularly
the combination of alkali and water.
I aim to keep the product far from this last
Moisture alone is not nearly as
harmful in the absence of alkaline substance.

- In making mixtures with stareh it has been

60

68

‘desirable to reduce the normal 10% or so
water-content to a lower value. I therefore
prefer to dry the starch, as for example, by
subjecting it to the vacuum produced by a
water suction pump and to the heat of the
steam bath for several hours: A mixture of
starch so dried and of the acetone dicarbox-
ylic acid has been kept at room temperature
of about 75° F. for several months with in-

Hence.
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dications of decomposition which. amounts
to a change from a 15% carbon dioxide to

18% carbon dioxide content by the end of

the year. Such a mixture is therefore rela-
tively stable and suitable for merchandising.

Ordinary baking powders when mixed
with liquid or moist ingredients of dough
or batter liberate a little gas before heat is
applied. The free acid of the present inven-
tion is not so prome to act in this way in
the absence of alkali in the batter or other
mixture, and I ain therefore to add alkali
at this point, such as sodium bicarbonate, the
acid sodium phosphates or the ammonium
carbonates. The catalytic effect of this al-
kali hastens the decomposition of the acid,
and the time and extent of decomposition
may thus be controlled by regulation of the
alkalinity.

The alkali may be incorporated initially
into the acid-diluent mixture, which when
sufficiently dry will not be readily decom-
posed by the alkali. Materials which hydro-
lyze to form ‘the hydroxyl ion may be in-
corporated, and as an example of such a
compound a metal salt of the free-acid may
be employed. A few of the salts of this
acid are known, such for example, as the
barium salt, which is said to be stable at
0° C., subject to decomposition with heat or
with water. Any salt having a physiologi-
cally harmless metal, such as sodium, potas-
sium, lithium, magnesium, etc., and which is
stable under the conditions of normal stor—
age of baking powders may therefore be in-
corporated into the mixture to provide the

alkali, or it may be present as the entire

supply of the acid employed.

Another feature of the baking powder is
the evolution of two gases, one of which
has a liquid phase with a boiling or transi-
tion point above the normal mixing temper-
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atures and below the baking temperatures. -

Acetone dicarboxylic acid evolves acetone
which has a boiling point of about 56.5° C.
(133° F.). Accordingly there can be created
a rather sharp increase of gas formation in
the region of this temperature. . Although
this effect has not yet proven particularly
advantageous in the baking of pastries it
can be used in other leavening processes and

the critical point chosen or regulated by

choosing an -initial material which gives a
product comparable to acetone but of differ-
ent boiling point. Another way of regulat-

110

115

120

ing the transition point without employing -

another substance is to regulate the pressure
during the process. For example, in the vul-
canization of rubber as above suggested for
the production of sponge rubber, pressure
may be applied to increase the temperature
at which acetone as a liquid is converted
into acetone as a vapor.

The vulcanization of rubber takes place at
temperatures higher than pastry baking tem-
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peratures, and when it is desirable to evolve
the leavening gas at a higher temperature a
more stable leavening agent having the es-
sential characteristics of acetone dicarboxy-
lic acid may be employed. It is a matter of
general knowledge in chemistry that the far-

ther apart two carboxylic acid groups in a

molecule are separated, as by the introduction

of —CH,— groups, the more stable is the
-molecule and a product having the formula
' CH:—CHs—COOH
=0

SN CH:—CH:—COOIT

decomposing like the acetone dicarboxylic
acid of this invention would be expectedly
more stable and would form diethyl ketone
or propione (boiling point 103° C}.’) rather
than dCiI)net-hyl ketone or acetone (boiling
56.5° C.). S

In regard to leavening processes other than
pastry cooking, the use of a non-mineral leav-

‘ening agent may be particularly advanta-
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geous in eliminating catalytic or side reac-
tions, or the final presence of mineral in the
product. - : '

My invention therefore is to be considered
broadly as the use in leavening processes of
more or less unstable organic compounds hav-
ing the essential characteristics of acetone
dicarboxylicacid, and particularly as the pro-
vision of the latter as a baking powder base,
with all such permissible variations and
modifications as fall within the scope of the
appended claims.

Iclaim: ,

1. The process of leavening which com-
prises incorporating, as a leavening agent
into a mass to be leavened, a ketone diear-
boxylic acid which decomposes with heat, and
heating the mass to effect decomposition of
said agent. _

- 2. A process of leavening which comprises

- Incorporating as a leavening agent, into a

mass to be leavened, a ketone. dicarboxylic
acid which decomposes with. heat, and an
alkaline substance capable of aiding decom-
position of said agent, and heating the mass
to bring about said decomposition.

3. A process of léavening food stuffs which
comprises incorporating into a mixture to

be

subjecting the mixture to heat.

4. A process of leavening food stuffs which’
- comprises incorporating into a mixture to he

leavened acetone dicarboxylic acid and a sub-
stance capable of rendering the mixture alka-
line to aid in decomposition of said acid.

5. A process of leavening food stuffs which

“comprises incorporating into a mixture to be

leavened acetone dicarboxylic acid and a sub-
stance capable of rendering the mixture alka-
line to aid in decomposition of said acid, and
subsequently subjecting the mixture to heat.

6. The process of leavening which com-

prises incorporating into a mass to be leav-.

leavened acetone dicarboxylic acid, and.

3

ened by evolution of gas and the application
of heat as a leavening agent a ketone dicar-

boxylic acid which is capable of decomposi-

tion on the application of heat into a leaven-
ing gas and into a leavening product capa-
ble of passing from a liquid to a vapor phase
in the leavening process, and heating the mix-
ture from a temperature below ths transition
temperature for such product to a tempera-
ture above said transition temperature.

7. The process of leavening which com-
prises incorporating into a mass to be leav-
ened by the application of heat, as a leaven-
ing agent a ketone dicarboxylic acid which
is capable of decomposition within the mass
forming a product having the ca acity of
passing from a liquid to a vapor p ase, and
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heating the mixture from a temperature be-

low the transition temperature for such prod-
uct to a temperature above said transition
temperature.

8. A leavening agent containing acetone
dicarboxylic acid and a diluent.

9. A baking powder containing acetone di-

carboxylic acid and starch as a diluent.

10. A baking powder containing acetone

dicarboxylic acid and dried starch as a di-

luent. :
11. A baking powder containing acetone

dicarboxylic acid and a dry powdered di-
luent.

In testimony whereof, I have subscribed

my name. .
EDWIN O. WIIG.
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